The purpose of this article is to review the work performed upto-date on the application of extracts and isolated components derived from plants of the Aloe genus in cancer research. To the best of our knowledge this attempt is a first of its kind. The article is divided into subsections, each focused on the various anticancer attributes of a major bioactive component contained in the Aloe leaf.
Search Methodology

!
The purpose of this review has been to display before the interested reader a broad view of the research work performed upto-date on the subject. For that end, the scientific search engine "SciFinder" was found to be an extremely usefull tool, as it retrieves information from both MEDLINE and CAPLUS data bases. In most cases the whole papers were obtained and carefully gone through. In few cases only the abstract could be obtained. As the amount of work performed on the subject is not very large, any work located in the scientific literature adding new information has been incorporated into the manuscript, while concentrating on the essence and ignoring experimental details. Major key words used: cancer, anticancer, Aloe, Aloe vera, Aloe arborescence, Aloe saponaria in various combinations.
Acemannan
!
In vitro studies
Many studies of the immunological effects of extracts from plants of Aloe have focused on the clear mesophyll gel of the Aloe vera leaf and on its major storage carbohydrate, acetylated mannan, acemannan (l " Fig. 2 ). Acemannan is the name given to the major carbohydrate fraction, a polysaccharide, or a mixture of polysaccharides, obtained from the gel of the Aloe vera leaf. Acemannan is known to have diverse biological activities, including immunomodulatory and antitumor attributes [6] . The anticancer biological mechanism of acemannan may be exerted through pluripotent effector cells, such as macrophages, as Aloe extracts are known to induce macrophage activating activity. In mouse macrophage cell line, RAW 264.7 cells, acemannan stimulated macrophage cytokine production, nitric oxide (NO) release, surface molecular expression, and cell morphology [48] changes [4] . The production of the cytokine interleukin 6 (IL-6) and tumor necrosis factor-α (TNF-α) was acemannan dose-dependent, and NO production, cell morphology changes, and surface antigen expression were increased in response to stimulation by a mixture of acemannan and interferon-γ (IFN-γ).
In vivo studies
The major goal of cancer chemoprevention is to reduce the incidence of human cancer, either by inhibiting the process of carcinogenesis or by preventing high levels of carcinogen exposure. a]P in a dose-dependent manner. In this animal model, BPDE-I-DNA adduct formation was significantly inhibited in various organs, such as the liver, kidney, forestomach, and lung. These results suggest that the inhibitory effect of the polysaccharide fraction derived from Aloe barbadensis on BPDE-I-DNA adduct formation might have a chemopreventive effect by inhibition of B[a]P absorption. A study examined the molecular size-immunomodulatory activity relationship of modified Aloe polysaccharide acemannan (MAP) [8] . Polysaccharides between 5 and 400 KDa exhibited the most potent macrophage-activating activity as determined [44] by increased cytokine production, NO release, expression of surface molecules, and phagocytic activity. In accordance with the in vitro activity, polysaccharides also exhibited the most potent antitumor activity in vivo. Aloe saponaria (Ait.) Haw., also known as soap aloe, African aloe, or zebra aloe, is a popular landscape plant in arid regions worldwide. It is native to eastern South Africa, Botswana, and Zimbabwe. The antiproliferative effects of the polysaccharide mannan from Aloe saponaria were evaluated using normal murine cells (SpMC) and human cells (PBMC), as well as several tumor cell lines [9] . Mannan inhibited proliferation in both normal and tumor cells, and affected the expression of CD3+ SpMC, indicating that it inhibits mainly a T lymphocyte proliferative response. On the C1498 cell line, mannan reduced CD3 expression and abolished the CD25 expression, indicating that mannan has a dual beneficial effect when applied to normal and tumor cells (inhibiting the activation of cancer cells, and improving that of normal ones). An extract from the parenchyma of Aloe barbadensis Miller (Aloe vera), containing long chain poly-dispersed beta (1,4)-linked mannan polymers with random O-acetyl groups (acemannan and carrisyn), initiated phagocyte production of monokines supporting antibody-dependent cellular cytotoxicity, and stimulated blastogenesis in thymocytes [10] . Approximately 40 % of animals treated with acemannan at the time of tumor cell implantation survived. Tumors in acemannan-treated animals exhibited vascular congestion, edema, polymorphonuclear leukocyte infiltration, and central necrosing foci with hemorrhage and peripheral fibrosis. The data indicate that in vivo treatment of peritoneal macrophages stimulates the macrophage production of monokines, including IL-1 and TNF-α. The data further indicate that sarcomas in animals treated i. p. with acemannan at the time of tumor cell implantation were infiltrated by immune system cells, became necrotic and regressed. The combined data suggest that acemannan-stimulated synthesis of monokines resulted in the initiation of immune attack, necrosis, and regression of implanted sarcomas in mice.
A recent report deals with the use of Aloe polysaccharide extracted from Aloe arborescens, Aloe barbadensis (Aloe vera), Aloe yuan-jiangensis, Aloe chinensis, etc., in resisting liver cancer cell proliferation [11] . The Aloe polysaccharide inhibits tumor cell proliferation and growth, and is used for preparing antitumor medicines for treating liver cancer. The Aloe polysaccharide, combined with chemotherapeutic agents, such as cisplatin (DDP) and 5-fluorouracil (5-FU), enhances the therapeutic effect and reduces adverse side effects. It can be made into a tablet, powder, capsule, granule, suspension, syrup, oral liquid, emulsion, nanoparticle, liposome, ointment, patch, and injection. The stimulatory activity of PAC-I (acemannan polysaccharide) on murine peritoneal macrophages was reported [12] . The polysaccharide, when injected into mice, enhanced the migration of macrophages to the peritoneal cavity. Peritoneal macrophage, when treated by PAC-I in vitro, had increased expression of MHC-II and FcγR, and enhanced endocytosis, phagocytosis, NO production, TNF-α secretion, and tumor cell cytotoxicity. The administration of PAC-I into allogeneic ICR mice stimulated systemic TNF-α production in a dose-dependent manner, and prolonged the survival of tumor-bearing mice. PAC-I is, thus, a potent stimulator of murine macrophage, and the in vitro observed tumoricidal properties of activated macrophage might account for its in vivo antitumor properties, indicating possible therapeutic implications in tumor immunotherapy.
The mechanism of the antitumor activity of Aloe polysaccharides was explored [13] . Aloe polysaccharide was administered i. p. or i. v. to sarcoma 180 (S180) bearing mice or hepatoma 22 (H22)-bearing mice, solely or combined with cyclophosphamide (CTX), FU, and adrenomedullin (ADM), respectively. For H22-bearing mice, the survival rate was observed or the IL-2 and TNF-α content in serum tested. It was found that Aloe polysaccharide reduced the tumor weight of S180-bearing mice and prolonged the survival time of H22-bearing mice. Aloe polysaccharide improves the antitumor effects of CTX, ADM, and FU, and lessens the chemotherapy side effects. It improves the levels of IL-2 and TNF-α in the serum of mice bearing S180 or H22. Thus, Aloe polysaccharide acts as an antitumor, enhances the antitumor activity of chemotherapeutic drugs and lessens their side effects. These effects possibly relate to inducing IL-2, and TNF-α production as well as to improved immune system function.
Clinical studies
Forty-three dogs and cats with spontaneous tumors were treated with the immunostimulating polysaccharide acemannan derived from Aloe vera by intraperitoneal (i. p.) and intralesional routes of administration. Tumors from 26 of these animals showed histopathological evidence of immunological attack as shown by marked necrosis or lymphocytic infiltration. Thirteen showed moderate to marked tumor necrosis or liquefaction. Twenty-one demonstrated lymphoid infiltration, and seven demonstrated encapsulation. Twelve animals indicated obvious improvement as assessed by tumor shrinkage, tumor necrosis, or prolonged survival [14] . Recent advances in tumor immunobiology suggest the possibility of natural cancer therapy. Cytokines, such as IL-2, or neurohormones, such as the pineal indole melatonin (MLT), were found to activate anticancer immunity. Clinical studies were performed to evaluate whether the concomitant administration of Aloe may enhance the therapeutic results of MLT in patients with advanced solid tumors for whom no effective standard anticancer therapies are available [5] . The study included 50 patients suffering from lung cancer, gastrointestinal tract tumors, breast cancer, or brain glioblastoma, who were treated with MLT alone, or MLT plus Aloe vera tincture. This preliminary work suggested that natural cancer therapy with MLT plus Aloe vera extracts may produce therapeutic benefits, at least in terms of stabilization of disease and survival, in patients with advanced solid tumors for whom no other standard effective therapy is available.
Aloin
!
In vitro studies Fig. 2 ] is an anthraquinone glycoside, a natural bioactive compound present in Aloe vera and in many other plants of the Aloe genus. It is related to aloe-emodin which lacks a sugar group but shares aloinʼs biological properties. Although known to have an anticancer effect, aloin has not been used in current drug research. It has been suggested that optimization of the lead structure could enhance the utility of this compound. Hence, aloin was modified using natural amino acids to produce Schiffʼs base, a potential pharmacophore, and its corresponding aglycons. The synthetic glycoside derivatives exhibited significant enhancement of their antioxidant efficacy (DPPH radical scavenging) and cytotoxic activities compared to those of the parent compound, aloin, showing promise for application in cancer treatment [15] . The antiproliferative and cytotoxic potential of the natural anthracycline aloin from Aloe vera was tested on human uterine carcinoma HeLaS3 cells [16] . Aloin showed a pronounced antiproliferative effect at physiological concentration, caused cell cycle arrest in the S phase, and markedly increased HeLaS3 cell apoptosis, indicating that aloin, due to its less undesirable side effects and anti-metastatic potential, may be the agent of choice on which clinical protocols for the treatment of human cervical carcinoma should rely in the future. Naturally occurring phytoanthracycline aloin was used to radiosensitize HeLaS3 cells. The results indicated that the cytotoxic adjuvant effect of aloin was synergistic with gamma ionizing radiation at all concentrations, and comparable to the cytotoxicity of 5-10 Gy ionizing radiation alone [17] . Radiosensitization of HeLaS3 cells was achieved by 60 µM aloin, which reduced the IC 50 dose of ionizing radiation. Ionizing radiation and aloin alone, or in combination, perturbed the HeLaS3 cell cycle, and increased the percentage of cells in the DNA synthesis (S) phase of the cell cycle. While either agent applied alone caused programmed cell death by apoptosis, the simultaneous cell damage by both agents through the altered redox balance compromised cell capacity to conduct this program, and led to synergic cytotoxic cell death by necrosis. The cytotoxic activity of aloin from the Aloe plant against two human breast cancer cell lines, without (MCF-7) and with (SKBR-3) erbB-2-topolla coamplification, was reported [18] . MCF-7 cell line was more sensitive to aloin than SKBR-3, as demonstrated by the MTT and clonogenic assays. The effect of aloin is likely multifactorial, depending on dose level, and tumor phenotype. Aloin at higher concentrations reduced the proportion of cells undergoing mitosis by induction of apoptosis, inhibited topoisomerase type IIA expression, and downregulated cyclin B1 protein expression in the MCF-7 cell line, whereas erbB-2 protein expression was not affected. Topoisomerase type IIA expression was mildly downregulated in the SKBR-3 cell line at higher concentrations only. Fig. 2 ] is contained in Aloe vera leaf gel. Aloe-emodin has laxative [19] , antifungal [20] , anitibacterial [21] , hepatoprotective [22] , antiviral [23] , and antitumor activities [24] . The following section describes in vitro, in vivo, and clinical anticancer studies of aloe-emodin.
Aloe-emodin
! Aloe-emodin [1,8-dihydroy-3-[hydroxymethyl]-anthraquione, l "
In vitro studies
The effects of five compounds purified from Aloe vera on the human K562 leukemia cell line, and its multidrug-resistant (MDR) variant, K562/R, were investigated [25] . The aglycon aloe-emodin produced reproducible antitumor effects which were more pronounced in the MDR, P-glycoprotein overexpressing cell line than in the parent cells. Aloe-emodin caused cytostasis and accumulation of the cells in the S and G2-M phases of the cell cycle, and thereafter massive cell death. The anticancer effect of aloe-emodin was tested on two human colon carcinoma cell lines, DLD-1 and WiDr [26] . It induced cell death in a dose-dependent and time-dependent manner. Notably, the WiDr cells were more sensitive to aloe-emodin than the DLD-1 cells. Aloe-emodin affected the release of apoptosis-inducing factor and cytochrome c (cyt. c) from mitochondria, followed by activation of caspase-3, leading to DNA fragmentation, nuclear shrinkage, and apoptosis. Exposing colon carcinoma cells to aloeemodin suppressed the casein kinase II activity in a time-dependent manner, and was accompanied by a reduced phosphorylation of Bid, a downstream substrate of casein kinase II, and a proapoptotic molecule. These findings indicate that the inhibition of casein kinase II activity, the release of apoptosis-inducing factor and cyt. c, and the caspase-3 activation, are involved in aloeemodin-mediated apoptosis in colon carcinoma cells. The capacity of aloe-emodin to reduce the cytotoxicity of the proinflammatory cytokine TNF-α towards L929 mouse fibrosarcoma and U251 human glioma cell lines was demonstrated [27] . Aloe-emodin inhibited both TNF-α-induced cell necrosis and apoptosis, but it did not reduce cell death induced by UV radiation or hydrogen peroxide. Aloe-emodin inhibited both basal and TNF-α-triggered activation of extracellular signal-regulated kinase (ERK), and a selective blockade of ERK activation mimicked the cytoprotective action of the drug. The combination of aloe-emodin and TNF-α caused an intracellular appearance of acidified autophagic vesicles, and the inhibition of autophagy with bafilomycin or 3-methyladenine efficiently blocked the cytoprotective action of aloe-emodin. These data indicate that aloe-emodin could prevent TNF-α-triggered cell death through mechanisms involving induction of autophagy, and blockade of ERK activation. The relatively unknown mechanism of the anticancer effect of aloe-emodin was investigated [28] . Crystal violet assay showed that it had a long-term antiproliferation effect on human gastric cancer MGC-803 and SGC-7901 cells. Scratch wound-healing motility assays indicated its anti-migration effect. Aloe-emodin arrested SGC-7901 cells at the G2/M phase. More importantly, it inhibited the expressions of protein kinase C (PKC) and c-myc, indicating that the anticancer effect of aloe-emodin on gastric cancer cells involves suppression of c-myc expression. The anticancer effect of aloe-emodin on the T24 human bladder cancer cell line was investigated by studying apoptosis regulation [29] . It was found that it inhibited cell viability and induced G2/M arrest and apoptosis in T24 cells. Aloe-emodin increased the levels of Wee1 and cdc25c. It induced p53 expression, and was accompanied by the induction of p21 and caspase-3 activation, associated with apoptosis. In addition, aloe-emodin was associated with a marked increase in Fas/APO1 receptor and Bax expression, but inhibited Bcl-2 expression. These results indicate that the induction of apoptosis in T24 cells by aloe-emodin is mediated through the activation of p53, p21, Fas/APO-1, Bax, and caspase-3. Aloe-emodin regulation of the cell cycle, cell proliferation, and PKC during glioma growth and development was explored [24] . The results revealed that aloe-emodin delayed the number of cells entering and exiting the DNA synthesis (S) phase in both SVG and U-373MG cells, indicating that aloe-emodin may inhibit S phase progression. Assessment of cell viability demonstrated that SVG and U-373MG glioma cells were highly sensitive to aloe-emodin. A PKC activity assay was quantified to establish the role of PKC in aloe-emodinʼs mode of action. Exposure of SVG and U-373MG glioma cells to aloe-emodin suppressed PKC activity and reduced the protein content of most of the PKC isozymes. These results indicate that cancer growth inhibition by aloe-emodin is due to apoptosis, and support the hypothesis that aloe-emodin represents a novel antitumor chemotherapeutic drug. The effect of aloe-emodin on the rat C6 glioma cell line was investigated [30] . In addition to cell cycle block and caspase-depen-dent apoptosis, aloe-emodin led to the formation of intracytoplasmic acidic vesicles, indicative of autophagic cell death. Moreover, differentiation of surviving cells toward the astrocytic lineage was confirmed by typical morphological changes, and increased expression of glial fibrillary acidic protein (GFAP). Aloeemodin did not affect the activation of p38 MAPK, Jun-N-terminal kinase, or transcription factor nuclear factor (NF-κB), but markedly inhibited the activation of ERK1/2 in C6 cells. A selective inhibitor of ERK activation, PD98059, mimicked the effects of aloe-emodin on glioma cell morphology and GFAP expression, but failed to induce either apoptosis or autophagy. Taken together, these results indicate that the anti-glioma action of aloe-emodin involves ERK-independent induction of both apoptosis and autophagy, as well as ERK inhibition-mediated differentiation of glioma cells. The effects and mechanisms of aloe-emodin-induced cell death in the human lung squamous cell carcinoma cell line CH27 was investigated [31] . Aloe-emodin-induced CH27 cell apoptosis was confirmed by DNA fragmentation (DNA ladders and sub-G1 formation). Aloe-emodin-induced apoptosis of CH27 cells involved modulation of the expression of Bcl-2 family proteins, such as BclXL, Bag-1, and Bak, and was associated with the translocation of Bak and Bax from cytosolic to particulate fractions. Aloe-emodin-treated CH27 cells had an increased relative abundance of cyt. c in the cytosolic fraction. These results demonstrated that the activation of caspase-3, caspase-8, and caspase-9 is an important determinant of apoptotic death induced by aloe-emodin, suggesting that aloe-emodin induces CH27 cell death by the Bax and Fas death pathways. The anticancer effect of aloe-emodin was studied in two human liver cancer cell lines; human hepatocellular carcinoma HepG2 and Hep3B [32] . Aloe-emodin inhibited cell proliferation and induced apoptosis in both cell lines, but with different antiproliferative mechanisms. In HepG2 cells, it induced p53 expression, accompanied by an induction of p21 expression that was associated with cell cycle arrest in G1. In addition, it caused a marked increase in Fas/APO1 receptor and Bax expression. In contrast, in the p53-deficient Hep3B cells, the inhibition of cell proliferation by aloe-emodin was mediated through a p21-dependent mechanism that did not cause cell cycle arrest or increase of the Fas/ APO1 receptor, but rather promoted apoptosis by enhancing expression of Bax. The above results indicate aloe-emodinʼs potential in liver cancer prevention. A study investigated the effects and mechanisms of aloe-emodininduced cell death in the human lung non-small cell carcinoma cell line H460 [33] . Aloe-emodin-induced apoptosis of H460 cells involves modulation of cAMP-dependent protein kinase, PKC, Bcl-2, caspase-3, and p38 protein expression. The relationship of various signals involved in cell death, such as cAMP-dependent protein kinase, PKC, Bcl-2, caspase-3, and p38, was investigated in the regulation of apoptotic cell death of aloe-emodin. It was demonstrated that the expression of p38 is an important determinant of apoptotic death induced by aloe-emodin. A free-floating cell line was established from a metastatic lesion of a Merkel cell carcinoma (MCC) patient. Aloe-emodin significantly inhibited the growth of the MCC cells, indicating that it is a potential agent for treating MCC [34] . An investigation was made of the anticancer effect of aloe-emodin on human tongue squamous carcinoma SCC-4 cells [35] . The results indicated that it induced cell death through S-phase arrest and apoptosis in a dose-dependent and time-dependent manner. Treatment with 30 µM of aloe-emodin led to S-phase arrest through promoted p53, p21, and p27, but inhibited cyclin A, E, thymidylate synthase, and Cdc25A levels. Aloe-emodin promoted the release of apoptosis-inducing factor (AIF), endonuclease G (Endo G), pro-caspase-9, and cyt. c from the mitochondria via a loss of the mitochondrial membrane potential, which was associated with an increase in the ratio of Bax/Bcl2 and activation of caspase-9 and -3. Aloe-emodin thus induced apoptosis in the SCC-4 cells through the Fas/death-receptor, mitochondria and caspase cascade. The above demonstrates its potential as a novel chemotherapeutic drug for the treatment of human tongue squamous cancer. A preclinical study investigated the anticancer effect of aloeemodin on two distinct human gastric carcinoma cell lines, AGS and NCI-N87 [36] . It demonstrated that aloe-emodin induces cell death in a dose-dependent and time-dependent manner. Aloeemodin caused the release of apoptosis-inducing factor and cyt. c from mitochondria, followed by the activation of caspase-3, leading to nuclear shrinkage and apoptosis. In addition, exposure to aloe-emodin suppressed the casein kinase II activity in a timedependent manner, and was accompanied by a reduced phosphorylation of Bid, a downstream substrate of casein kinase II, and a proapoptotic molecule. This preclinical study suggests that aloe-emodin represents a suitable and novel chemotherapeutic drug candidate for the treatment of human gastric carcinoma.
In vivo studies
Aloe-emodin has a specific in vitro and in vivo anti-neuroectodermal tumor activity. It was found that the growth of human neuroectodermal tumors is inhibited in mice with severe combined immunodeficiency without any appreciable toxic effects on the animals, but it does not inhibit the proliferation of normal fibroblasts, or that of hematopoietic progenitor cells [37] . The cytotoxicity mechanism consists of the induction of apoptosis, whereas the selectivity against neuroectodermal tumor cells is founded on a specific energy-dependent pathway of drug incorporation.
Lectins
!
Lectins are sugar-binding proteins present in the leaves of Aloe plants, highly specific for their sugar moieties. They play a role in biological recognition phenomena involving cells and proteins, and have many immunological activities.
In vivo study
The possibility that a plant lectin acting as a carrier protein could specifically activate T cells, resulting in the augmentation of antitumor immunity was investigated [38] . ATF1011, a non-mitogenic lectin purified from the leaves of Aloe arborescens Mill, is known to bind equally to normal and tumor cells. It was found that ATF1011 binding on the MM102 tumor cell surfaces augmented anti-trinitrophenyl (TNP) antibody production of murine splenocytes when the mice were primarily immunized with TNPconjugated MM102 tumor cells. The alloreactive cytotoxic T cell response was also augmented by allostimulatory cells binding ATF1011 on the cell surfaces. These augmented responses are suggested to be mediated by the activation of helper T cells recognizing ATF1011 as a carrier protein. Killer T cells were induced against the ATF1011 antigen in the H-2-restricted manner, using syngeneic stimulator cells bearing ATF1011 on the cell surfaces. When this lectin was administered intralesionally into the tu-mors, induction of cytotoxic effector cells was demonstrated. Thus, intralesionally administered ATF1011 derived from Aloe arborescens Mill binds to the tumor cell membrane and activates T cells specific for this carrier lectin in situ, which results in the augmented induction of systemic antitumor immunity.
Aloctin A ! Aloctin A (also referred to as "Alo A") is a highly purified glycoprotein from the leaves of Aloe arborescens, exhibiting various biological activities, such as mitogenic activity for T lymphocytes, binding reactivity for human a2-macroglobulin, and activation of component 3 of the complement system via the alternative pathway 1.
In vivo studies
The antitumor activity of aloctin A was described, using methylcholanthrene-induced murinefibrosarcoma (Meth A) 2 , and lymphocytic leukemia (P388) in syngeneic mouse systems [39] . Aloctin A [78 244-78-7] isolated from Aloe arborescens inhibited the growth of a syngeneic transplantable methylcholanthreneinduced fibrosarcoma in mice [40] . The inhibitory mechanism has been suggested to be host-mediated, and not due to a direct toxic effect on the tumor cell.
Aloe Extracts and Miscellaneous Compounds
!
In vitro study
An extract of Aloe vera (Aloe barbadensis Miller) was examined for its cellular toxicity on HepG2 cells [41] . Treatment with the extract resulted in DNA fragmentation, but not lactate dehydrogenase (LDH) release, suggested apoptosis instead of necrosis. The extract-induced cytotoxicity was mediated by a decrease in ATP levels. Inactivation of caspase-3/7 suggests the possibility of caspase-independent apoptosis. Taken together, the results show that Aloe vera extracts induce HepG2 apoptosis by ATP depletionrelated impairment of mitochondria, which is caspase-independent.
In vivo studies
Aloe arborescens Miller, known also as Krantz aloe, is the most popular source for herbal medicine, used in the treatment of various acute or chronic diseases. This plant originates from the arid zones of South Africa, and is mostly native to the south-eastern coast of the African continent. Extracts from the leaves of Aloe arborescens exhibited significant wound healing, antibacterial, antiulcer, anti-inflammatory, anticarcinogenic, hypoglycemic, and also alopoeic activity. The leaf sap has been reported to relieve X-ray burns [42] . The hot water extract of the fresh leaves of Aloe arborescens contained aloemannan, which showed activity against implanted sarcoma 180 in mice [43] . The modification effects of freeze-dried Aloe arborescens whole leaf powder during the initiation phase of carcinogenesis were investigated in hamsters treated with N-nitroso-bis(2-oxopropyl) amine (BOP) [44] . Incidences of pancreatic adenocarcinomas, atypical hyperplasias, or total atypical hyperplasias plus adenocarcinomas were significantly decreased with BOP+5 % Aloe arborescens, and that of adenocarcinomas were also significantly reduced in the BOP+1 % Aloe as compared to the BOP alone group. Multiplicities of pancreatic adenocarcinomas, atypical hyperplasias, or total lesions, were also significantly lower in the BOP+5% Aloe group than with the BOP alone. Quantitative data for neoplastic lesions in the lung, liver, gall bladder, kidney, and urinary bladder of hamsters were not significantly different among the three groups. The results indicated that Aloe arborescens prevents BOP-induced pancreatic neoplasia in hamsters in relation to decreased DNA adduct formation in the target tissue. The oral administration of water-soluble ingredients of Aloe arborescens extract to patients with liver cirrhosis resulted in a marked decrease of α-fetoprotein, which is one of the markers of hepatocarcinogenesis. This study was undertaken for the purpose of investigating the effect of Aloe arborescens extract on hepatocarcinogenesis, demonstrating that it may be useful in the chemoprevention for hepatocarcinoma due to its inhibitory effect of both hepatocarcinogenesis and cell growth [45] . The tumor-inhibition effects of various kinds of Aloe were studied on sarcoma 180 tumor bearing mice, and on the life time of H22-tumor-bearing mice. Efficacy enhancing and toxicity reducing of Aloe arborescens Miller on 5-fluorouracil (5-FU) were observed. It was found that different kinds of aloes can inhibit S180 tumor, and prolong the life time of H22-bearing mice [46] . Anticancer effects of two plants of the Aloe genus were determined on sarcoma 180 in ICR mouse or human cancer cells [47] . It was found that the administration of extracts of either Aloe vera or Aloe arborescens prolonged the life span of ICR mouse. The potential anticancer properties and modulatory effect of selected Aloe vera active compounds on antioxidant enzyme activities were tested [48] . Thus, three anthraquinones, aloesin, aloeemodin, and aloin (also called barbaloin), were extracted from Aloe vera leaves. These three compounds, along with an N-terminal octapeptide derived from verectin (a biologically active 14 kDa glycoprotein present in Aloe vera), were tested for their relative antitumor efficacy in vivo. It was found that the active compounds exhibited significant prolongation of the life span of tumor-transplanted animals in the following order: barbaloin (aloin) > octapeptide > aloesin > aloe-emodin. Aloe vera active compounds exhibited significant inhibition on the Ehrlich ascite carcinoma cell (EACC) number when compared to the positive control group, in the following order: barbaloin > aloe-emodin > octapeptide > aloesin. Moreover, in the trypan blue cell viability assay, active compounds showed a significant concentration-dependent cytotoxicity against acute myeloid leukemia (AML) and acute lymphocytes leukemia (ALL) cancerous cells. Furthermore, aloe-emodin was found to be active against two human colon cancer cell lines, DLD-1 and HT2 [48] . The influence of Aloe vera leaves homogenized with honey and ethanol on tumor growth and the apoptosis process were verified by assessing tumor size, cell proliferation rate measured by the Ki67-labeling index (LI), and Bax/Bcl2 expression, after Walker 256 carcinoma was implanted in Wistar rats [49] . The effect against tumor growth was observed through a decrease in relative weight (%) and the Ki67-LI labeling index in tumors from the tumor bearing group (WA group), compared with those from the control group (CW group). The Bax/Bcl2 ratio increased in tumors from the WA group at all tested time points. It was suggested that Aloe vera may reduce tumor mass and metastasis rates, while the honey inhibits tumor growth. The in vivo and in vitro antitumor effects of Xianlukangai capsules, containing the polysaccharides from Opuntia Milpa Alta and Aloe vera L., were investigated [50] . Xianlukangai capsules inhibited the growth of cancer cells of S180A mice, and prolonged the survival time of H22 mice. Xianlukangai capsules also had strong cytotoxic effects on HepG2 cells, and increased its internal Ca 2+ . Xianlukangai capsules were found to decrease the activity of Ca 2+ ,Mg 2+ -ATPase. The study indicated that Xianlukangai capsules had antitumor effects both in vivo and in vitro, and suggests a mechanism of increasing the internal Ca 2+ in HepG2 cell through decreasing the activity of Ca 2+ ,Mg 2+ -ATPase of the HepG2 cell membrane to induce apoptosis of the tumor. Aloe vera extracts are widely used in skin care products. A study examined the effects of synthetic solar light on the skin of hairless mice that had been treated with creams containing various Aloe vera extracts. The results indicated that Aloe gel or aloeemodin had a weak enhancing effect on the photocarcinogenic activity of simulated solar light in female, but not male hairless mice. Aloe's whole leaf extract and decolorized leaf extract had a weak enhancing effect on the photocarcinogenic activity of simulated solar light in both male and female hairless mice [51] .
Clinical studies
Clinical investigations showed the efficacy of extracts derived from Aloe arborescens in the palliative therapy of patients with untreatable metastatic cancer, either to improve their quality of life, or to prolong the survival time [52] . It demonstrated the efficacy of Aloe arborescens in association with cancer therapies in which the therapeutic effect of chemotherapy alone is generally low. A patent describes a gel composition which includes at least 40 % (w/w) Aloe barbadensis (Aloe vera) extract in treating breast tissues after radiation treatment for breast cancer [53] . A patent presents an anticancer preparation for suppressing cancerous tissue growth and metastases spreading. The extract contains Viskum allum-imula, Aloe vera, propolis, and placenta (Placeutofil). This anticancer preparation has been claimed to stop the fabric division of the cancer cells and strengthen the organismʼs defensive system [54] . A patent describes a method for treating neoplasia by forming a mixture between a portion of a nonhuman protein having human C3 convertase activity and an inhibitor of that activity, and administering a therapeutically effective amount of that mixture into a patient. The C3 convertase can be derived from plants, such as Aloe vera, Aloe arborescens, Aloe barbadensis, or Aloe saponaria [55] . The effects of methanol extract of Aloe vera were tested on anticancer drugs (cisplatin, mitomycin C, 5-FU)-induced growth inhibition of P388, L1210, HCT-15, and SK-HepG-1 as cancer cell lines, and mouse splenocytes as a normal cell line by the MIT assay, respectively. The effects of Aloe extract and mitomycin C on the mitogen (Con A and LPS)-induced splenocyte proliferation were also explored. In the Walker 256 carcinoma implant in Wistar rats, Aloe extract showed dose-dependent selective cytotoxicity against the cancer cell lines. In contrast, Aloe extract increased the growth and proliferation of the normal mouse splenocytes. The combination of Aloe extract with anticancer drugs showed an additive effect in the cytotoxicity against cancer cell lines. That combination clearly reduced the anticancer drug-induced toxicity against the normal mouse splenocytes [56] .
Conclusion
!
The potential ability of polyphenol combinations to prevent cancer progression is far from being completely understood, as it appears extremely unlikely that any one substance is responsible for all of the associations seen between the secondary metabolites contained in plants. This conclusion stems from the great variety of dietary phenolics and the many types of potential mechanisms reported [57] . It has been straightly pointed out that combinations of phytochemicals in fruits and vegetables are crucial for their anticancer activities [58] . The above may equally be projected on the biological effects of single components isolated from Aloe plants. As shown in this review article, the anticancer attributes of various components contained in plants of the Aloe genus have been extensively researched: aloin, with its anti-metastatic potential and minimal undesirable side effects for treating human uterine carcinoma [16] ; aloe-emodin as source of novel chemotherapeutic drugs for the treatment of human gastric carcinoma [36] ; or the anticancer attributes of the polysaccharides (mannan and acemannan) isolated from the gel of Aloe plants [10] . However, the combined anticancer mechanisms and effects of the various ingredients contained in the Aloe leaf have still to be explored. To this should be added the fact that only a small part of the plants belonging to the Aloe genus have thoroughly been investigated for their anticancer potential. However, the vast knowledge already gathered points to the great natural cancer preventive and therapeutic potential hidden in them.
